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Abstract  
The present study reports the effect of different molecular weight and concentration of irradiated chitosan on preliminary plant 
growth promoter test of corn in potting experiment. The average molecular weights of degraded chitosan were determined by 
intrinsic viscometric and GPC analysis. Four kinds of ultrafiltration membrane were used to separate the 100 kGy irradiated 
chitosan into five fractions (<10, 10-30, 30-50, 100-300, and >300 kDa). All five separated fractions, the irradiated and 
unirradiated chitosan were used for plant growth test of corn. The effects of different molecular weight fractions and 
concentrations of chitosan on average plant height, leaf greenness, average ear number and average ear weight of corn were 
studied. The results show that irradiated and unirradiated chitosan at concentrations ranging from 20, 50 and 100 ppm are 
effective for the growth promotion of corn plant, such as plant height, number of ear and ear size, in comparison with the control 
(untreated chitosan). 
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1. Introduction 
Chitosan, a linear polysaccharide, derived from the most abundant natural polymer chitin; is composed of 2-
amino-2-deoxy-D-glucose and 2-acetamido-2-deoxy-D-glucose units. Chitosan is a biodegradable polysaccharide 
having amine groups elucidates its unique properties among biopolymers. Chitosan usually has high molecular 
weight polysaccharide and strong network of intermolecular or intramolecular hydrogen bonds [1]. Its structure 
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results in poor solubility in most organic solvent and makes it chemically inert for derivatization. Degradation of 
chitosan is usually used, turning chitosan into one with low molecular weight which exhibits some special 
biological, chemical and physical properties which are different from that of the ordinary chitosan such as 
antibacterial activity [2] and antifungal activity [3]. Chitosan has very positive impact on plants growth; all plants 
with chitosan had better developed roots and shoots in the field of agriculture [4]. However, the functions and 
applications have been revealed to be dependent not only upon the chemical structure of chitosan but also its 
molecular size. Radiation can provide a useful tool for degradation of different polymers. In the reaction, no other 
chemical reagents are introduced and there is not a need to control the temperature, environment or additives. The 
object of this research was to determine the influence of reducing the molecular weight of chitosan on the growth 
enhancement in corn. 
2. Materials and methods 
2.1. Preparation and fractionation of degraded chitosan 
Commercial chitosan from shrimp shell was purchased from local company in Thailand and used without further 
purification. Chitosan was irradiated in powder by gamma ray from 60Co at the dose rate of 10 kGy/h. Chitosan 
powder packaged in polyethylene bags was irradiated at dose of 100 kGy. For fractionation of degraded chitosan, a 
stirred ultrafiltration cell (model 8400, Millipore Co.) was employed. A series of polysulfone ultrafiltration 
membranes, MW cut-off 10000, 30000, 50000 and 100000 were used. The degraded chitosan was dissolved in 1% 
acetic acid and then pour in the stirred ultrafiltration cell with different membranes. Each fraction collected was 
neutralized with 1 N NaOH to precipitate the degraded chitosan. After that, precipitated chitosan was transferred to 
a Buchner funnel and washed with distilled water until neutral pH 7 was reached. Collected chitosan then was dried 
at 50 qC in vacuum oven to get different molecular weight chitosan. The molecular weights of degraded chitosan 
were determined by gel permeation chromatography (Waters 600E) on Ultra-linear hydrogel column plus guard 
column (1000 – 20,000,000) using pullulans standard with molecular weights of 5,900 – 788,000. Standards and 
chitosan samples were introduced into the column at a flow rate of 0.6 ml min-1 using 0.5 M sodium acetate buffer 
as eluent. The operation was carried out at 30 qC and the peaks monitored by a refractive index detector. 
2.2. Potting experiment of corn by degraded chitosan 
Using four kinds of ultrafiltration membrane, the irradiated chitosan at the dose of 100 kGy was separated into 
five fractions. The conditions of five separated fractions and the irradiated and unirradiated chitosan listed in Table 1 
were used for plant growth test of corn. Corn plants were planted in 12 inch-diameter pots with soil which contained 
manure in the middle of the pot. Ten replications were used and in every replication were three plants. Pots were 
placed outside the building and directly to sunlight. After 15 days of planting, two corn plants were thinned out to 
allow a healthiest plant per pot. Corn plants were sprayed with chitosan solution from a hand sprayer until the 
chitosan solution was uniformed on the upper and under surface of corn leaves. Acetic acid 0.02 % in water that 
used to dissolve chitosan was served as control. The urea fertilizer (8-24-24) about 20 g was applied to all treatments 
after the ear emerged on day 65. The observations were recorded on plant stem height, leaf greenness, ear number 
and ear weight. 
3. Results and discussions 
Effect of radiation degraded chitosan on growth of corn plants 
In our experiment, the five chitosan fractions (C1 – C5) and mixed molecular weight of irradiated (C6) and 
unirradiated chitosan without separation (C7) as shown in Table 1 were tested on corn plant. The effects of different 
molecular weight fractions and concentrations of chitosan on average plant height, leaf greenness, average ear 
number and average ear weight of corn were studied. 
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                        Table 1. List of chitosan sample used for plant growth test of corn. 
Sample code Chitosan with different MW 
Control Water containing acetic acid 0.02% 
C1 < 10 kDa 
C2 10-30 kDa 
C3 30-50 kDa 
C4 100-300 kDa 
C5 > 300 kDa 
C6 Irradiated chitosan (Mixed MW) 
C7 Unirradiated chitosan 
3.1. Average plant height 
Figure 1 indicated that all fractions except for C1 (at 20 ppm), C4 (at 20 ppm) and C5 (at 100 ppm) showed 
positive effects. In comparison with the control, plant height of corn treated with all the fractions of chitosan 
solution except for C1 (20 ppm), C4 (20 ppm) and C5 (100 ppm), were significantly taller than control. While the 
fraction of C1 (at 20 ppm), C4 (at 20 ppm) and C5 (at 100 ppm) on plant height are shown no marked different from 
control. 
3.2. Greenness of corn plant 
The greenness of leaves is due to the presence of chlorophyll. The plant with high chlorophyll content will have 
high rate of photosynthesis. Obviously higher greenness was observed in C1 (< 10 kDa), C2 (10-30 kDa) and C3 
(30-50 kDa)  at all concentration of chitosan than in C4 (100-300 kDa), C5 (> 300 kDa), C6 (Irradiated chitosan), 
C7 (Unirradiated chitosan) at all concentration and in control. Fig.2 shows the higher greenness of corn plants 
sprayed with degraded chitosan (C3 at 100 ppm) compared with the control.  As a result, corn plants treated with 
lower molecular weight (C1-C3) chitosan were more greenness than that treated with higher molecular weight 
chitosan.  
Moreover, corn plants treated with chitosan (C1-C7 in all concentrations) maintained green, and appeared healthy 
compared with the control. In figure 3, the plants sprayed with C3 at 50 ppm appear healthy while some leaves in 
the control plants had lost its green color. However, after 80 days of planting, compared among plants treated with 
chitosan treatment, the plants in treatment C1 at 50 ppm, C2 at 20 and 100 ppm and C3 at 100 ppm maintained 
healthier than the other chitosan treatment. 
All corn plants treated with chitosan began flowering earlier than control.  Figure 4 presents the effect of different 
molecular weight and mixed molecular weight of irradiated and unirradiated chitosan on average number of corn ear 
after 80 days of planting. The result presented in figure 4 shows that the higher number of ear corn was observed for 
all treatments of chitosan in all concentrations compared to the control. Comparable among chitosan treatment, the 
C1, C2 and C3 treatments that contained lower molecular weight chitosan gave higher number of ear corn than C4, 
C5, C6 and C7 treatment that contained higher molecular weight chitosan. However, in relation to number of ear 
corn, the effect of concentration of each treatment was not significant due to the uncontrol of the volume of chitosan 
solution sprayed onto corn plants.  
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Fig. 1. Effect of different molecular weight and mixed molecular weight of irradiated and unirradiated chitosan on average plant height after 57 
days of planting. Average from 10 replications. 
 
 
 
 
 
 
 
 
 
 
                                                                                   (a)                                    (b) 
Fig. 2. Effect of degraded chitosan (c3 at 100 ppm) (a) on greenness of corn leave compared with the control (b). 
 
   
 
 
 
  
 
                                                                             
                                                                                                  (a)                                (b)  
Fig. 3. Comparison of physiology of corn plant between control (b) and c3 (30-50 kDa) (a) treatment for the corn plant age of 77 days 
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Fig. 4. Effect of different molecular weight and mixed molecular weight of irradiated and unirradiated chitosan on average number of corn ear 
per plant after 80 days of planting. average from 10 replications. 
Surprisingly, triple ears were found in most of plants sprayed with chitosan (Fig.5) except in control. We call 
these ‘double ears’ or ‘triple ears’ if two or three ear shoots are visible at a node, respectively. In case of multiple 
ears, one ear appears full size; the others are smaller and barren, consisting of a few short husks surrounding a tiny 
cob with silks. Fig. 6 shows the multiple ears with no kernel growing within the husk. It was reported that the cause 
come from a chemical application error of some type or inherent to the hybrid. Others report that the trait is common 
in sweet corn. In our case, we assume that chitosan may help to promote the multiple ears. 
3.3. Corn ear size 
After 84 days of planting, corn ear size was observed for yield production. All ear corn treated with chitosan in 
all fractions showed a bigger size compared to the control. Figure 7 presents the comparison of ear size treated with 
C2 (10 – 30 kDa) at 20 ppm and the control after 84 days of planting.  Diameter of ear sprayed with C2 at 100 ppm 
is 22 cm while that sprayed with the control is 12 cm. However, many ears fail to form kernels. The cause of this 
may be late silk emergence and lack of pollen.   
 
 
 
 
 
 
Fig. 5. Triple ears developed at one node. 
 
 
 
 
  
Fig. 6. Multiple ears are enclosed within a husk. 
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Fig. 7. Comparison of ear size treated with c2 (10 – 30 kda) (a) at 20 ppm and the control (b) after 84 days of planting. 
4. Conclusions 
Preliminary agricultural test on corn plant were performed in pots.  The results show that irradiated and 
unirradiated chitosan at concentrations ranging from 20, 50 and 100 ppm are effective for the growth promotion of 
corn plant, such as plant height, number of ear and ear size, in comparison with the control (untreated chitosan). The        
biggest growth was observed for degraded chitosan (molecular weight 30,000 – 50,000 Da) in concentration of 100 
ppm. The results clearly demonstrated that lower molecular weight (below 50,000 Da) of irradiated degraded 
chitosan effectively stimulates the growth of corn plant. 
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